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providing a carbon nanotube array on a substrate

i
treating the carbon nanotube array to form a
plurality of separated grooves substantially parallel to
each other, the carbon nanotube array having a
plurality of carbon nanotubes therein, a height of the
carbon nanotubes in the grooves being substantially
less than about 100 micrometers

Y
selecting a plurality of carbon nanotubes from the
carbon nanotube array between two adjacent grooves
by using a tool

Y
pulling the selected carbon nanotubes along a
direction substantially parallel to the lengthwise
directions of the grooves by using the tool, the
carbon nanotubes being joined end to end as the
carbon nanotubes are drawn out along a direction
from the carbon nanotube array to form one or
more carbon nanotube films

FIG., 1
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providing a substantially flat and smooth
substrate

Y
forming a catalyst layer uniformly on the
substrate

Y
annealing the substrate with the catalyst
layer thereon in qir at a temperature in a
range from about 700 °C to about 900 *C
for about 30 to about 90 minutes

Y
heating the substrate with the catalyst layer
to a temperature in a range from about 500
°C to about 740 °C in a furnace with a

protective gas

Y
supplying a carbon source gas to the
furnace for about 5 minutes to about 30
minutes

FIG. 3
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fixing the substrate with the carbon nanotube
array thereon

v
supplying a movable laser device

Y
moving the laser device, and irradiating the
carbon nanotube array by lasers produced by
the laser device

FIG. 4
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CARBON NANOTUBE PRECURSOR,
CARBON NANOTUBE FILM AND METHOD
FOR MAKING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims all benefits accruing under

35 US.C. §119 from China Patent Application No.

200910109335.6, filed on Aug. 14, 2009 in the China Intel-

lectual Property Office. The application is also related to

copending application entitled, “DEVICE AND METHOD

FOR MAKING CARBON NANOTUBE FILM”, filed
(Atty. Docket No. US24634).

BACKGROUND
[0002] 1. Technical Field
[0003] The present disclosure relates to carbon nanotube

structures and methods for making the same and, particularly,
to a carbon nanotube precursor, a carbon nanotube film and a
method for making the same.

[0004] 2. Description of Related Art

[0005] Carbon nanotubes are novel carbonaceous material
and have received a great deal of interest since the early
1990s. The carbon nanotubes are electrically conductive,
chemically stable, and each can have a very small diameter
(much less than 100 nanometers) and large aspect ratios
(length/diameter). Thus, carbon nanotubes have become a
significant focus of research and development for use in elec-
tron emitting devices, sensors, transistors, and other devices.
[0006] Generally, the carbon nanotubes prepared by con-
ventional methods are in particle or powder forms. The par-
ticle or powder-shaped carbon nanotubes limit the applica-
tions in which they can be used. Thus, preparation of macro-
scale carbon nanotube structures, such as carbon nanotube
films, has attracted attention.

[0007] A conventional method for making a carbon nano-
tube film includes the steps of providing a growing substrate;
forming a catalyst layer on the growing substrate; providing a
reacting furnace, placing the growing substrate with the cata-
lyst layer into the reacting furnace; introducing a carbon-
aceous gas, and heating the reacting furnace to grow the
carbon nanotube film. However, the carbon nanotube film
made by the above-described method is formed on the grow-
ing substrate and does not have a free-standing structure.
Further, the carbon nanotubes in the carbon nanotube film are
always entangled with each other and disorderly distributed
therein. Thus, the excellent properties of the carbon nano-
tubes are poorly utilized.

[0008] A method for making a nanofiber film includes
arranging nanofibers to provide a substantially parallel
nanofiber array having a degree of inter-fiber connectivity
within the nanofiber array, and drawing said nanofibers from
the nanofiber array as a ribbon or sheet without substantially
twisting the ribbon or sheet. The nanofiber array has a colum-
nar shape and can be a carbon nanotube array.

[0009] When the nanofibers are drawn from the nanofiber
array to form the ribbon or sheet, the width of the nanofiber
ribbon or sheet is inevitably affected by the columnar nanofi-
ber array, thus the nanofiber ribbon or sheet cannot have a
uniform width, thereby it is not entirely suitable for industrial
applications.
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[0010] What is needed, therefore, is a carbon nanotube
precursor, a carbon nanotube film and a method for making

the same, wherein the carbon nanotube film has a uniform
width.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Many aspects of the embodiments can be better
understood with references to the following drawings. The
components in the drawings are not necessarily drawn to
scale, the emphasis instead being placed upon clearly illus-
trating the principles of the embodiments. Moreover, in the
drawings, like reference numerals designate corresponding
parts throughout several views.

[0012] FIG. 11is a chart of one embodiment of a method for
making a carbon nanotube film.

[0013] FIG. 2 is a schematic side view of a substrate with
one embodiment of a carbon nanotube array grown thereon.
[0014] FIG. 3 is a chart of one embodiment of a method for
growing a carbon nanotube array.

[0015] FIG. 4 is a chart of one embodiment of a method for
treating a carbon nanotube array using a laser.

[0016] FIG. 5is a schematic top plan view of one embodi-
ment of a carbon nanotube array having grooves at opposite
sides thereof.

[0017] FIG. 6 is a front view of one embodiment of the
carbon nanotube array having grooves at opposite sides
thereof as shown in FIG. 5.

[0018] FIG. 7 is a schematic structural view of one embodi-
ment of a carbon nanotube film.

DETAILED DESCRIPTION

[0019] The disclosure is illustrated by way of example and
not by way of limitation in the figures of the accompanying
drawings in which like references indicate similar elements.
It should be noted that references to “an” or “one” embodi-
ment in this disclosure are not necessarily to the same
embodiment, and such references mean at least one.

[0020] Referring to FIG. 1, one embodiment of a method
for making a carbon nanotube film includes:

[0021] providing a carbon nanotube array on a substrate;
[0022] treating the carbon nanotube array to form a plural-
ity of separated grooves substantially parallel to each other,
the carbon nanotube array having a plurality of carbon nano-
tubes therein, a height of the carbon nanotubes in the grooves
being substantially less than about 100 micrometers;

[0023] selecting a plurality of carbon nanotubes from the
carbon nanotube array between two adjacent grooves by
using a tool;

[0024] pulling the selected carbon nanotubes along a direc-
tion substantially parallel to the lengthwise directions of the
grooves by using the tool, the carbon nanotubes being joined
end to end as the carbon nanotubes are drawn out along a
direction from the carbon nanotube array to form one or more
carbon nanotube films.

[0025] Referring to FIG. 2, the carbon nanotube array 10
includes a plurality of carbon nanotubes 30 arranged substan-
tially along a same growing direction. The plurality of carbon
nanotubes 30 in the carbon nanotube array 10 can be approxi-
mately perpendicular to the substrate. The carbon nanotube
array 10 can be a super-aligned carbon nanotube array. The
carbon nanotubes 30 in the carbon nanotube array 10 can be
single-walled carbon nanotubes, double-walled carbon nano-
tubes, or multi-walled carbon nanotubes. Diameters of the
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single-walled carbon nanotubes can range from about 0.5
nanometers to about 50 nanometers. Diameters of the double-
walled carbon nanotubes can range from about 1 nanometer
to about 50 nanometers. Diameters of the multi-walled car-
bon nanotubes can range from about 1.5 nanometers to about
50 nanometers.

[0026] Inoneembodiment, the carbon nanotube array 10 is
prepared by a chemical vapor deposition method. Referring
to FIG. 3, one embodiment of a method for making the carbon
nanotube array 10 using the chemical vapor deposition
method includes:

[0027] providing a substantially flat and smooth substrate
20;
[0028] forming a catalyst layer uniformly on the substrate
20;
[0029] annealing the substrate 20 with the catalyst layer

thereon in air at a temperature in a range from about 700° C.
to about 900° C. for about 30 to about 90 minutes;

[0030] heating the substrate 20 with the catalyst layer to a
temperature in a range from about 500° C. to about 740° C. in
a furnace with a protective gas;

[0031] supplying a carbon source gas to the furnace for
about 5 minutes to about 30 minutes.

[0032] The substrate 20 can be a P-type silicon wafer, an
N-type silicon wafer, or a silicon wafer with a film of silicon
dioxide thereon. A shape of the substrate 20 can be round or
square. In one embodiment, a round 4-inch P-type silicon
wafer is used as the substrate 20.

[0033] The step of forming a catalyst layer uniformly on the
substrate 20 can be executed by a thermal deposition method,
an electron beam deposition method or a sputtering method.
The catalyst can be made ofiron (Fe), cobalt (Co), nickel (Ni),
or any alloy thereof. In one embodiment, the catalyst is iron.
[0034] The carbon source gas can be a hydrocarbon gas,
such as ethylene (C,H,), methane (CH,), acetylene (C,H,),
ethane (C,Hy), or any combination thereof. In one embodi-
ment, the protective gas can comprise of at least one of nitro-
gen (N,), ammonia (NH;), and a noble gas. In one embodi-
ment, the carbon source gas is acetylene, and the protective
gas is argon. A height of the carbon nanotube array can range
from about 200 micrometers to about 400 micrometers. In
one embodiment, a height of the carbon nanotube array is
about 200 micrometers.

[0035] The carbon nanotube array 10 formed on the sub-
strate 20 is essentially free of impurities such as carbonaceous
or residual catalyst particles, by controlling the growing con-
dition thereof. The carbon nanotubes 30 in the carbon nano-
tube array 10 are closely packed together by van der Waals
attractive force.

[0036] In the step of treating the carbon nanotube array to
form a plurality of grooves, the carbon nanotube array 10 can
be treated by laser or other methods, such as using certain
tools to scratch the carbon nanotubes in the carbon nanotube
array 10 to form the plurality of grooves. In one embodiment,
the carbon nanotube array 10 is treated by laser.

[0037] Referring to FIG. 4, the step of treating the carbon
nanotube array to form a plurality of grooves can be executed
by fixing the carbon nanotube array 10 and moving a laser
device to irradiate the carbon nanotube array 10. The step of
treating the carbon nanotube array to form a plurality of
grooves can include:

[0038] fixing the substrate with the carbon nanotube array
10 thereon;
[0039] supplying a movable laser device;
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[0040] moving the laser device, and irradiating the carbon
nanotube array 10 by lasers produced by the laser device.
[0041] The laser device can include gas lasers, solid-state
lasers, semiconductor lasers, dye lasers, or any other conven-
tional laser. The laser device can include one or more lasers.
In one embodiment, the laser device is a carbon dioxide laser
device. The laser device can be moved along a predetermined
way in any fashion, such as by an external force. In one
embodiment, the laser device is controlled by a computer.
[0042] After irradiating the carbon nanotube array 10, the
plurality of grooves can be formed. FIGS. 5-6 show two
grooves 12. Since two adjacent grooves 12 are substantially
parallel to each other, the carbon nanotube array between two
adjacent grooves 12 has a uniform width (e.g., distance
between two adjacent grooves). Thus, a width of the carbon
nanotube array between two adjacent grooves 12 can be deter-
mined by the distance between two adjacent grooves 12. In
one embodiment, the width of the carbon nanotube array
between two adjacent grooves 12 is about 1 inch.

[0043] As thelaser irradiates the carbon nanotube array 10,
the laser is focused on the surface of carbon nanotube array 10
and forms a laser irradiating area, e.g., a circle area, on the
carbon nanotube array 10, wherein a diameter of the laser
irradiating area can range from about 1 micrometer to about 5
millimeters. As the laser moves, a strap-shaped laser irradi-
ating pattern is formed. When the laser device includes one
laser, the laser can irradiate the carbon nanotube array two or
more times to form the plurality of grooves. Ifthe laser device
includes a plurality of lasers, the plurality of lasers can be
arranged in a line, and a strap-shaped laser irradiating area
can be formed without moving the laser device. In one
embodiment, a length of the strap-shaped laser irradiating
area is larger than or equal to the length of the formed grooves
12. The laser can be a red light laser having a wavelength of
about 1054 nanometers, or a green light laser having a wave-
length of about 527 nanometers. A moving speed of the laser
can range from about 20 millimeters per second (mm/s) to
about 150 mm/s. A power density of the laser can range from
about 5x107 watts per square meters (w/m>) to about 5x10°
w/m?. In one embodiment, the laser is a red light laser having
a wavelength of about 1054 nanometers, a moving speed of
the laser is about 100 mm/s, and a power density of the laser
is about 1x10® w/m>.

[0044] During the laser irradiating process, the carbon
nanotubes absorb energy from laser irradiation and the tem-
perature thereof is increased. Portions of the carbon nano-
tubes at the laser irradiating area are destroyed, thereby form-
ing the grooves having a predetermined depth and width. The
height of the carbon nanotubes in the grooves 12 decreases. If
the height of the carbon nanotubes in the grooves is less than
about 100 micrometers, the carbon nanotubes in the grooves
12 cannot be pulled out to form the carbon nanotube film.
Thus, the acquired carbon nanotube film can have a uniform
width.

[0045] However, to acquire a carbon nanotube film having
a uniform width and having carbon nanotubes uniformly
dispersed therein or having a same density, the height of the
carbon nanotubes in the grooves 12 cannot be too low,
because during the process of drawing the carbon nanotubes
from the carbon nanotube array 10, the carbon nanotubes in
the grooves 12 should maintain van der Waals attractive
forces between the carbon nanotubes in the carbon nanotube
array 10 adjacent thereto. As a result, the carbon nanotubes in
the carbon nanotube array 10 which is not adjacent to the
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grooves 12 can be pulled at a same speed as the carbon
nanotubes in the carbon nanotube array 10 which is adjacent
to the grooves 12. If the height of the carbon nanotubes in the
grooves 12 is too low, then there is no van der Waals attractive
forces between the carbon nanotubes in the grooves 12 and
the carbon nanotubes in the carbon nanotube array 10 which
is adjacent to the corresponding grooves 12. The carbon nano-
tubes in the carbon nanotube array 10 which is adjacent to the
grooves 12 can be consumed at a speed which is larger than
that of the carbon nanotubes in the carbon nanotube array 10
which is not adjacent to the grooves 12, resulting in a curved
boundary line of the carbon nanotube array 10 and the carbon
nanotube film drawn therefrom. The acquired carbon nano-
tube film would then have a nonuniform density. Therefore, in
one embodiment, the height of the carbon nanotubes in the
grooves 12 can range from about 1 micrometer to about 100
micrometers. In another embodiment, the height of the car-
bon nanotubes in the grooves 12 can range from about 50
micrometers to about 100 micrometers. In yet another
embodiment, the height of the carbon nanotubes in the
grooves 12 is about 100 micrometers.

[0046] The width of the grooves 12 can be larger than the
height of the carbon nanotubes in the carbon nanotube array
10 between two adjacent grooves. While drawing the carbon
nanotubes to form a carbon nanotube film from the carbon
nanotube array 10 between one pair of two adjacent grooves
12, if the width of the grooves 12 is too small, the carbon
nanotubes in the carbon nanotube array 10 between another
pair of two adjacent grooves 12 can be slanted or dumped
across the groove 12 between these two portions of the carbon
nanotube array 10, and participate in the process of forming
the carbon nanotube film, thereby leading to an acquired
carbon nanotube film having a nonuniform width. In one
embodiment, the width of the grooves 12 is about 250
micrometers when the height of the carbon nanotube array 10
is about 200 micrometers.

[0047] It can be understood that alternatively, the step of
treating the carbon nanotube array to form a plurality of
grooves can be executed by fixing the laser device and mov-
ing the carbon nanotube array 10 for irradiating. The step of
treating the carbon nanotube array to form a plurality of
grooves can include supplying a fixed laser device and form-
ing a fixed laser irradiating area, and moving the carbon
nanotube array 10 at an even/uniform speed to pass through
the fixed laser irradiating area.

[0048] Inthe step of selecting the plurality of carbon nano-
tubes from the carbon nanotube array between two adjacent
grooves by using a tool, the plurality of carbon nanotubes can
be selected at one end of the carbon nanotube array 10
between two adjacent grooves 12. A width of the selected
carbon nanotubes can be about equal to the distance between
two adjacent grooves 12. In one embodiment, if the carbon
nanotube array 10 is grown on the round silicon wafer, the
carbon nanotube array 10 is also round. After treatment by the
laser, two ends of the carbon nanotube array 10 between two
adjacent grooves 12 have an arc shape. The arc shape edges
can define arc shape areas. The carbon nanotube array 10
between two adjacent grooves 12 can be divided into two arc
shape areas and a rectangle shape area located therebetween.
The selected carbon nanotubes can be located at the end of the
arc shape edge adjacent to the rectangle shape area or at the
beginning of the rectangle shape area, that is, the width of the
selected carbon nanotubes is substantially equal to the dis-
tance between two adjacent grooves 12. The tool can be an
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adhesive tape, tweezers, or a clamp. In one embodiment, an
adhesive tape is used to contact the carbon nanotubes of the
carbon nanotube array 10 between two adjacent grooves 12. If
the carbon nanotube array 10 is grown on a square substrate,
and if the grooves 12 are substantially parallel to sides of the
square substrate, the carbon nanotube array 10 between two
adjacent grooves has a uniform width, and the carbon nano-
tubes can be directly selected from ends of the carbon nano-
tube array 10 between two adjacent grooves 12. A width of the
selected carbon nanotubes would be substantially equal to a
distance between the corresponding two adjacent grooves.

[0049] In the step of pulling the selected carbon nanotubes
along a direction substantially parallel to a length direction of
the grooves by using the tool, the selected carbon nanotubes
are pulled to form carbon nanotube segments that are joined
end to end at a uniform speed to achieve a uniform carbon
nanotube film (e.g., carbon nanotube film having a uniform
density). Referring to FIG. 7, the carbon nanotube segments
gradually disengage from the substrate 20 along a drawing
direction of the carbon nanotubes. The carbon nanotube seg-
ments that are not totally disengaged from the substrate 20, a
carbon nanotube precursor 200 is formed. The carbon nano-
tube precursor 200 includes the substrate 20, the carbon nano-
tube array 10 formed on the substrate 20 with a plurality of
(e.g., two or more) grooves 12 substantially parallel and sepa-
rated from each other, and at least one carbon nanotube film
300. The height of the carbon nanotubes in the grooves 12 is
less than or equal to 100 micrometers. The carbon nanotube
film 300 is connected to the carbon nanotubes between two
corresponding adjacent grooves 12, and has a uniform width.
If the height of the carbon nanotubes in the grooves 12 is
greater than about 1 micrometer and less than about 100
micrometers, the carbon nanotube film 300 has a substantially
uniform width and includes a plurality of carbon nanotubes
substantially uniformly dispersed therein (e.g., the carbon
nanotube film 300 has a substantially uniform density). Inone
embodiment, the change in density across the carbon nano-
tube film 300 is within 10 percent. The carbon nanotube film
300 also can have substantially the same density of'the carbon
nanotubes along the width of the carbon nanotube film 300. In
one embodiment, the change in density across the width is
within 10 percent. In another embodiment, the change in
density across the width is within 5 percent. The carbon
nanotube film 300 is connected to the carbon nanotube array
10 between two adjacent grooves 12 along the lengthwise
direction of the carbon nanotube film 300 or the carbon nano-
tube array 10, thereby the carbon nanotube film 300 can have
a uniform width. The carbon nanotube film 300 includes a
plurality of carbon nanotubes arranged approximately along a
same direction or arranged along a preferred orientation. The
carbon nanotubes in the carbon nanotube film 300 are joined
end to end by van der Waals attractive force therebetween.
The carbon nanotubes in the carbon nanotube film 300 are
substantially parallel to the drawing direction of the carbon
nanotubes (e.g., Lengthwise directions of the plurality of
carbon nanotubes are substantially parallel to the drawing
direction of the carbon nanotube film).

[0050] It is to be understood that the above-described
embodiment is intended to illustrate rather than limit the
disclosure. Variations may be made to the embodiment with-
out departing from the spirit of the disclosure as claimed. The
above-described embodiments are intended to illustrate the
scope of the disclosure and not restricted to the scope of the
disclosure.
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[0051] Itis also to be understood that the above description
and the claims drawn to a method may include some indica-
tion in reference to certain steps. However, the indication
used is only to be viewed for identification purposes and not
as a suggestion as to an order for the steps.

What is claimed is:

1. A carbon nanotube film, comprising a plurality of carbon
nanotubes arranged approximately along a same first direc-
tion, the plurality of carbon nanotubes are joined end to end
by van der Waals attractive force therebetween, wherein the
carbon nanotube film has a uniform width, has substantially
the same density of the carbon nanotubes along a second
direction perpendicular to the first direction, and the change
in density across the width is within 10 percent.

2. The carbon nanotube film of claim 1, wherein the carbon
nanotube film is drawn from a carbon nanotube array, and
lengthwise direction of the plurality of carbon nanotubes is
substantially parallel to a drawing direction of the carbon
nanotube film.

3. A carbon nanotube film precursor, the carbon nanotube
film precursor comprising:

a substrate;

a carbon nanotube array comprising a plurality of carbon
nanotubes on the substrate, the carbon nanotube array
having a plurality of separated grooves substantially
parallel to each other, a height of the carbon nanotubes in
the grooves being less than or equal to 100 micrometers;
and

at least one carbon nanotube film, the at least one carbon
nanotube film is connected to the carbon nanotubes in
the carbon nanotube array between two adjacent
grooves, wherein the at least one carbon nanotube film
has a uniform width, and has substantially the same
density of the carbon nanotubes along a width of the at
least one carbon nanotube film.

4. The carbon nanotube film precursor of claim 3, wherein

a height of the carbon nanotube array between two adjacent
grooves ranges from about 200 micrometers to about 400
micrometers.

5. The carbon nanotube film precursor of claim 4, wherein
a height of the carbon nanotubes in the grooves ranges from
about 1 micrometer to about 100 micrometers.

6. The carbon nanotube film precursor of claim 5, wherein
a height of the carbon nanotubes in the grooves ranges from
about 50 micrometers to about 100 micrometers.

7. The carbon nanotube film precursor of claim 3, wherein
a plurality of carbon nanotube films are connected to the
carbon nanotubes in the carbon nanotube array, and the plu-
rality of carbon nanotube films are coplanar, substantially
equidistant, and substantially parallel to each other.

8. The carbon nanotube film precursor of claim 3, wherein
the carbon nanotube film comprises a plurality of carbon
nanotubes joined end to end and combined by van der Waals
attractive force, and lengthwise directions of the carbon nano-
tubes are substantially parallel to lengthwise directions of the
grooves.

9. A method for making a carbon nanotube film, the method
comprising:
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providing a carbon nanotube array on a substrate;
treating the carbon nanotube array to form a plurality of
separated grooves substantially parallel to each other,
the carbon nanotube array comprising a plurality of car-
bon nanotubes, a height of the carbon nanotubes in the
grooves being less than about 100 micrometers;

selecting a plurality of carbon nanotubes from the carbon
nanotube array between two adjacent grooves by using a
tool;

pulling the selected carbon nanotubes along a direction

substantially parallel to the lengthwise directions of the
grooves by using the tool, the carbon nanotubes being
joined end to end as the carbon nanotubes are drawn out
along a direction from the carbon nanotube array to form
one or more carbon nanotube films.

10. The method of claim 9, wherein the step of treating the
carbon nanotube array is executed by:

fixing the substrate with the carbon nanotube array

thereon;

supplying a movable laser device; and

moving the laser device, and irradiating the carbon nano-

tube array by one or more lasers produced by the laser
device.

11. The method of claim 10, wherein the one or more lasers
are red light lasers having a wavelength of about 1054 nanom-
eters, or green light lasers having a wavelength of about 527
nanometers.

12. The method of claim 10, wherein a power density ofthe
one or more lasers is in a range from about 5x107 watts per
square meters to about 5x10° watts per square meters and a
moving speed of the one or more lasers is in a range from
about 20 millimeters per second to about 150 millimeters per
second.

13. The method of claim 9, wherein the step of treating the
carbon nanotube array is executed by:

supplying a fixed laser device and forming a fixed laser

irradiating area by one or more lasers produced by the
fixed laser device; and

moving the carbon nanotube array at a substantially con-

stant speed to pass through the fixed laser irradiating
area.

14. The method of claim 13, wherein the one or more lasers
are red light lasers having a wavelength of about 1054 nanom-
eters, or green light lasers having a wavelength of about 527
nanometers.

15. The method of claim 13, wherein a power density ofthe
one or more lasers is in a range from about 5x107 watts per
square meters to about 5x10° watts per square meters and a
moving speed of the one or more lasers is in a range from
about 20 millimeters per second to about 150 millimeters per
second.

16. The method of claim 9, wherein a height of the carbon
nanotubes in the grooves is greater than about 1 micrometer.

17. The method of claim 9, wherein the plurality of carbon
nanotubes is selected by contacting the carbon nanotubes of
the carbon nanotube array between two adjacent grooves by
an adhesive tape.

18. The method of claim 9, wherein a width ofthe selected
carbon nanotubes is equal to a distance between two adjacent
grooves.



